Post-traumatic stress disorder (PTSD) is often comorbid with major depressive episodes (MDEs) and both conditions carry a higher rate of suicidal behavior. Hypothalamic-pituitary-adrenal (HPA) axis and serotonin abnormalities are associated with both conditions and suicidal behavior, but their inter-relation is not known. We determined cortisol response to placebo or fenfluramine in MDE, MDE and PTSD (MDE+PTSD), and healthy volunteers (HVs) and examined the relation of cortisol responses to suicidal behavior. A total of 58 medication-free patients with MDE (13 had MDE+PTSD) and 24 HVs were studied. They received placebo on the first day and fenfluramine on the second day. Cortisol levels were drawn before challenge and for 5 h thereafter. The MDE+PTSD group had the lowest plasma cortisol, the MDE group had the highest, and HVs had intermediate levels. There were no group differences in cortisol response to fenfluramine. Suicidal behavior, sex, and childhood history of abuse were not predictors of baseline or postchallenge plasma cortisol. Cortisol levels increased with age. This study finds elevated cortisol levels in MDE and is the first report of lower cortisol levels in MDE+PTSD. The findings underscore the impact of comorbidity of PTSD with MDE and highlight the importance of considering comorbidity in psychobiology.
INTRODUCTION
Post-traumatic stress disorder (PTSD) develops in 15-25% of those exposed to trauma (Davidson, 1995; Maes et al, 2000) . It is associated with significant morbidity and mortality, and increases the risk for suicidal behavior as much as 14-fold (Davidson et al, 1991) . PTSD is often comorbid with major depressive episodes (MDEs), with a significant overlap in the symptoms required for diagnosis based on DSM IV criteria. Major depression, PTSD and suicidal acts often are present in the same individual, and are all associated with Hypothalamic-pituitary-adrenal (HPA) axis dysfunction. Since MDE and suicide are associated with HPA overactivity and PTSD is associated with HPA underactivity (Carroll, 1982; Yehuda, 2001) , HPA axis function in comorbid MDE and PTSD, and its interaction with history of suicidal acts, is of interest.
Studies of PTSD have found low levels of 24 h urinary cortisol (Yehuda et al, 1990; Mason et al, 1986) , low plasma cortisol (Yehuda et al, 1995; Kanter et al, 2001) , and hypersuppression of cortisol in dexamethasone suppression tests (DSTs) (Reist et al, 1995; Stein et al, 1997) . In contrast, elevated cortisol levels have been reported in MDE (Westrin et al, 1999) , and about half of the in-patients with MDE fail to suppress cortisol secretion after dexamethasone (Brown et al, 1987; Duval et al, 2001; Yehuda et al, 1996; Halbreich et al, 1989) . Most (Coryell and Schlesser, 2001; Meltzer et al, 1984; Norman et al, 1990; Oei et al, 1990; Inder et al, 1997; Roy, 1992) , but not all, (Cleare et al, 1996; Duval et al, 2001; Westrin et al, 1999 ) studies of HPA axis in suicidal behavior suggest that there is elevation of cortisol or dexamethasone resistance in future suicide completers. Some of these discrepancies may be related to the spectrum of suicidal behavior that is assessed, such that suicidal ideation or the presence of attempts in a subject's history may have less of an effect on cortisol secretion than the violence of the attempt (Roy, 1992) or ultimate suicide completion (Coryell and Schlesser, 2001) .
The HPA axis has a close bidirectional relation with the serotonergic system (Meijer and De Kloet, 1998) . For example, agonism of the 5HT1A receptor with ipsapirone results in secretion of adrenocorticotropin hormone (ACTH) and cortisol, as occurs with fenfluramine, a less selective agent (Lesch et al, 1990) . On the other hand, hippocampal 5HT1A binding is observed to be elevated in rats in response to cortisol surges in the context of acute stress (Magarinos and McEwen, 1995) and decreased in response to chronic stress (Watanabe et al, 1993) . Changes in 5HT2A binding in rat cortex as a consequence of stress have been described as well (Brown et al, 1999) .
Despite the frequent co-occurrence of PTSD and MDE, we could find only one study of the HPA axis when these conditions are comorbid (Halbreich et al, 1989) . That study found a normal DST response and plasma cortisol in MDE and PTSD, in contrast with evidence of higher plasma cortisol in those with MDE alone. A computer-assisted literature search did not uncover any studies of the biology of MDE, PTSD, and suicidal behavior.
It is possible that the variability in rates of suicidal behavior in different depressed populations contributes to the inconsistency of findings regarding cortisol levels in studies of MDE. Similarly, the rate of PTSD in depressed populations is likely to differ from study to study also contributing to the inconsistency of findings, especially in depression. Therefore, in order to examine the relation of PTSD, MDE, and suicidal behavior to HPA axis response and to evaluate the relation of serotonergic function to HPA function, we measured cortisol levels over a period of 5 h and following a placebo, and a fenfluramine challenge. Serotonin causes release of ACTH from the anterior pituitary. We compared patients with MDE, MDE and PTSD (MDE+PTSD), and healthy volunteers (HVs). We also examined the relation of plasma cortisol to reported childhood abuse and to suicidal behavior in the patient groups. We hypothesized that those with MDE+PTSD would have lower levels of cortisol compared with MDE alone and HVs. For exploratory analyses, we evaluated the relations of suicidal behavior, childhood abuse, melancholia, psychosis, and severity of depression to cortisol levels on placebo and fenfluramine.
METHODS

Subjects
A total of 58 patients with MDE were diagnosed based on the Structured Clinical Interview for DSM-III-R; Patient version (SCID-P) (American Psychiatric Association Task Force, 1987) was entered into the study. Of the 58 patients, 13 had a lifetime history of PTSD and seven had PTSD at the time of study. All patients (MDE and MDE+PTSD) were medication free for a minimum of 14 days (6 weeks in the case of fluoxetine and 1 month in the case of oral antipsychotics) prior to study. Patients were allowed up to 3 mg daily of lorazepam during the washout phase, but not in the 3 days prior to the study. HV (n ¼ 24) were recruited through advertising and were free of psychiatric diagnoses based on the SCID-NP (nonpatient version). All subjects were free of medical illnesses based on history, physical examination, and laboratory tests. Pregnant females were excluded. Premenopausal female subjects were studied within 5 days after onset of menses. All subjects gave written informed consent as approved by the Institutional Review Board.
Data Collection
Demographic information, including childhood experiences such as a history of physical or sexual abuse before age 15, was collected on the Columbia Baseline Demographic Form. Psychiatric symptoms were rated with the 17-item Hamilton Depression Rating Scale (HDRS) (Hamilton, 1960) , the Beck Depression Inventory (Beck et al, 1961) , and the Brief Psychiatric Rating Scale (BPRS) (Overall and Gorham, 1962) . The items of agitation, psychic anxiety, somatic anxiety, hypochondriasis from the HDRS, anxiety, somatic concern, and tension from the BPRS were used to measure the presence of anxiety symptoms. Lifetime history of suicide attempts was recorded on the Columbia Suicide History form. Suicidal ideation and behavior were quantified with the Beck Scale for Suicidal Ideation (SSI) (Beck et al, 1979) , Suicide Intent Scale (SIS) (Beck et al, 1975) measuring intent at the time of the most lethal attempt, and Beck's Medical Lethality Scale (Beck et al, 1975) , which scores the degree of medical damage caused by their most lethal attempt. Aggressive/impulsive traits were rated by the Barratt Impulsivity Scale (BIS) (Barratt, 1965 ) and BrownGoodwin Aggression Scale (BG) (Brown et al, 1979) . Axis II diagnoses were made by Structured Clinical Interview for DSM-III-R SCID for Axis II (First et al, 1996) . These scales were utilized because depression severity, anxiety, suicidal acts, aggression, and personality disorders have all been reported to be associated with abnormalities of the HPA axis, serotonergic function, or both.
Plasma Cortisol Studies
Subjects were studied on two consecutive days after fasting from midnight and throughout the test. They received placebo on the first day and fenfluramine on the second day in a single blind design. On each day, an intravenous catheter was inserted at approximately 8:00 am and an infusion of 5% dextrose and 0.45% saline was started. Cortisol levels were drawn 15 min and immediately before placebo or fenfluramine administration to ascertain baseline levels. An oral dose of approximately 0.8 mg/kg of dlfenfluramine (or identical pill containing placebo) was administered at 9:00 am. Cortisol, fenfluramine, and norfenfluramine levels were drawn hourly for 5 h thereafter. Subjects were awake during the procedure. Cortisol levels were ascertained by radioimmunoassay after denaturation of the binding proteins by heat. Anti-rabbit globulin serum, in conjunction with polyethylene glycol, was used for separation of the bound and free fractions. All samples were assayed in duplicate. The interassay coefficient of variation was 6.0, 3.9, and 2.9 at concentrations of 3.1, 19.3, and 32.7 mg/dl, respectively. Fenfluramine and norfenfluramine levels were measured by a gas-liquid chromatography method (Myers et al, 1994; Krebs et al, 1984) .
Statistical Analysis
Relations between demographic and clinical variables were examined using the w 2 statistic for independence and analysis of variance. Cortisol responses to placebo and fenfluramine for each of the three groups (MDE, MDE+PTSD, and HV) were compared using general linear models for repeated measures, with lifetime diagnostic group, age, sex, depression severity, anxiety severity, suicide attempt status, number of suicide attempts, lethality of most severe suicide attempt, presence of childhood history of abuse, psychosis, and melancholia as predictors. Interactions between age, sex, and the other categorical variables were also explored. Similar models were built to establish the effect of current PTSD on cortisol levels. Drug levels were calculated as the sum of fenfluramine and norfenfluramine blood levels at each hour, and compared in the three groups using a generalized linear model for repeated measures.
RESULTS
The three groups, HV, MDE, and MDE+PTSD, did not differ with regard to major demographic indices such as age (42 7 17; 41 7 12, 38 7 11, respectively: F ¼ 0.33, df ¼ 2, po0.72), race (%white: 75, 80, 62%, respectively: Fisher's Exact test (FET), po0.39), marital status (%mar-ried: 17, 24, 15%, respectively: FET, po0.21), or income (2700071000;23000 7 700, 29000 7 900, respectively: F ¼ 0.28, df ¼ 2, po0.76). However, women outnumbered men, 12 : 1, in the MDE+PTSD group compared with a relatively even gender distribution in the MDE alone and HV groups (w 2 ¼ 14.7, p ¼ 0.001). In addition, compared to HV or MDE groups alone, the subjects with MDE+PTSD had fewer years of education (17 7 2, 16 7 2, 14 7 2, respectively: F ¼ 9.03, df ¼ 2, po0.00). Depression severity, presence of melancholia, suicide attempter status, rate of comorbid Cluster B personality disorders or history of childhood abuse, and severity of lifetime aggression or impulsivity were not different in the two patient groups. Patients in the MDE+PTSD group were more often psychotic (23%) compared with the MDE group (2%) (FET: p ¼ 0.03). Suicide attempters in each of the two patient groups did not differ in lethality, intent, number of suicide attempts, or severity of suicidal ideation (see Table 1 ).
Sex, suicide attempt status, number of suicide attempts, lethality of most severe suicide attempt, severity of depression as measured by HDRS and BDI, severity of anxiety, presence of childhood history of abuse, psychosis, and melancholia were found not to be predictors of baseline or postchallenge plasma cortisol. Furthermore, when we compared MDE subjects with psychosis to those without, psychotic subjects did not have significantly different cortisol levels (p ¼ 0.12). Cortisol levels increased with age. Thus, the model was built using only lifetime diagnostic group and age as predictors. A general linear model showed that the MDE+PTSD group had the lowest levels of plasma cortisol over the 5 h of sampling, the MDE group had the highest plasma cortisol levels, and HVs had intermediate levels (F ¼ 10.11, p ¼ 0.001) (see Figure 1 , note: data points on the figures are plotted twice for HV and MDE+PTSD groups to facilitate viewing of the error bars, which would otherwise overlap). When used in the model instead of the lifetime diagnostic group, the presence of current PTSD also had a similar significant effect on cortisol levels (F ¼ 7.95, p ¼ 0.006). The shape of the curve of cortisol levels was similar in the three groups (see Figure 1 ). There was a significant increase in cortisol after fenfluramine administration in each of the three groups (F ¼ 6.04, po0.001). There were no group differences in plasma cortisol responses to fenfluramine (see Figure 2 ). Group differences in plasma cortisol were present independent of the challenge condition. There were no group differences in fenfluramine plus norfenfluramine levels on the second study day (F ¼ 2.48, p ¼ 0.09), ruling out a pharmacokinetic effect. Neither severity of current depression as measured by BDI or HDRS (F ¼ 0.01, p ¼ 0.92 and F ¼ 2.55, p ¼ 0.11, respectively) nor anxiety (F ¼ 3.88, p ¼ 0.053) had significant effects when added to the model that included age and lifetime diagnostic group as predictors.
DISCUSSION
We found that the group with MDE had the highest plasma cortisol levels and the group with MDE+PTSD had the lowest, with HVs having levels intermediate compared with the other two groups. Furthermore, there was a significant increase in cortisol after dl-fenfluramine administration in each of the three groups, but hormonal response to dlfenfluramine failed to discriminate between MDE, MDE+PTSD, and HVs. Cortisol levels increased with age as has been previously reported (Duval et al, 2001 ), but various parameters of suicidal behavior were unrelated to cortisol with or without dl-fenfluramine challenge. In addition, consistent with the literature regarding preponderance of female gender and low IQ in PTSD, we found that both female gender and less education were more common in the group with MDE+PTSD (Stein, 2001 ).
HPA Function and Clinical Parameters
We were unable to find evidence for the previously reported associations of HPA dysfunction and depression severity (Duval et al, 2001) , psychosis (Duval et al, 2001) , childhood history of abuse ), or melancholia (Brown et al, 1987) . Whether this is reflective of methodological differences such as the use of cortisol response to fenfluramine, rather than urinary cortisol, ACTH challenge, Lower cortisol levels in depressed patients MA Oquendo et al or DST is not known. Furthermore, our patient sample may differ from those in other studies given the relatively high proportion of suicide attempters and patients with Cluster B personality disorder.
HPA Axis Hypoactivity in PTSD+MDE
Most studies of HPA function in PTSD have not made a direct comparison of depressed subjects with and without PTSD. Therefore, we discuss our findings in terms of what is reported in PTSD. Many studies have found lower plasma or 24-h urine cortisol in subjects with PTSD compared with normal controls (Yehuda et al, 1990) or MDE (Mason et al, 1986; Yehuda et al, 1996) , and those at risk for PTSD such as victims of motor vehicle accidents (Delahanty et al, 2000) , war veterans (Mason et al, 2001; Yehuda et al, 1995) , and trauma victims (Yehuda et al, 2000) . In addition, one study found lower 24-h urinary cortisol subjects with PTSD compared with controls, regardless of whether they had comorbid major depression (Yehuda et al, 1990) . That finding is in agreement with our results and suggests that cortisol levels are low in comorbid MDE and PTSD as has been shown in PTSD alone. However, not all studies find low cortisol with PTSD alone (Liberzon et al, 1999; Pitman and Orr, 1990; Lemieux and Coe, 1995; Maes et al, 1999; Smith et al, 1989; Baker et al, 1999) , perhaps because of subject selection, diagnostic criteria utilized, or other methodological issues. Although hypersuppression in response to dexamethasone has been reported in sexual abuse victims, most of whom had PTSD, compared to normal controls (Stein et al, 1997) , normal suppression (Dinan et al, 1990; Halbreich et al, 1989) has also been reported. We did not measure plasma ACTH in response to fenfluramine. However, our findings are consistent with the postulated enhanced negative feedback inhibition of the HPA axis in PTSD (Yehuda, 2001) . Increases in lymphocytic glucocorticoid receptors are reported in PTSD and trauma victims (Yehuda et al, 1991) and may underlie feedback supersensitivity via the hippocampus, and thereby lower plasma cortisol. We found a normal cortisol response to fenfluramine challenge in our subjects suggesting that pituitaryadrenal response to serotonin was normal and that the low cortisol levels are because of either suprapituitary factors such as enhanced feedback inhibition at the level of the hippocampus or adrenacorticol responses (Kanter et al, 2001) .
HPA Axis Hyperactivity in MDE
The HPA axis in major depression has been studied extensively. Higher plasma cortisol levels are reported in MDE compared with HVs (Brown et al, 1987; Yehuda et al, 1990; Westrin et al, 1999) . In total, 37-71% of subjects in samples of MDE are nonsuppressors on the DST (Brown et al, 1987; Carroll, 1982; Stokes and Sikes, 1987) . Our results are consistent with much of the literature in reporting HPA hyperactivity in subjects with depression, but demonstrate that a comorbid condition such as PTSD can profoundly affect HPA function in major depression. In this study, the depressed subjects with comorbid PTSD had plasma cortisol levels resembling those reported for PTSD alone and for MDE alone.
PTSD results from a traumatic previous experience. reported that depressed women who reported a history of abuse in childhood had lower cortisol responses to ACTH than nonabused depressed women, and noted that the women who reported abuse during childhood had higher rates of PTSD than those who had not. In our study, the group with MDE and the group with MDE+PTSD did not differ in frequency of early childhood abuse, and presence of history of childhood abuse did not have a significant impact on cortisol levels. Whether some of the HPA abnormalities reported in abused populations are related to the neurobiological consequences of abuse and neglect, as has also been demonstrated in animal studies of maternal separation (Hofer, 1996; Viau et al, 1996; ), or to the high rates of PTSD often observed in populations experiencing early childhood abuse requires further study. It is also unknown whether abuse experienced in childhood and in adulthood have different effects on the stress response and risk for later development of PTSD, or why only some subjects are vulnerable to the long-term biological and psychological effects of traumatic experiences.
HPA Axis Hyperactivity and Suicidal Behavior
Both PTSD and MDE are associated with a higher risk for suicidal behavior (Chen and Dilsaver, 1996; Davidson et al, 1991) . Studies examining the risk of suicidal behavior in patients having PTSD and MDE (Kramer et al, 1994; Brady et al, 2000; Freeman et al, 2000; Shalev et al, 1998) report more suicidal ideation compared with PTSD or MDE alone. Perhaps because of the sample size, we did not find differences in the rate of suicide attempters, in the number of suicide attempts, or suicidal ideation of the attempters in the MDE+PTSD group compared to the MDE group. We also did not find a relation between attempter status, maximum lethality of suicide attempt, or number of suicide attempts and cortisol levels. Studies of the relation between suicidal behavior and HPA function often involve diagnostically heterogeneous populations (van Heeringen et al, 2000; Träskman-Bendz et al, 1992; Meltzer et al, 1984; Coryell and Schlesser, 2001; Brunner et al, 2001 ), but suggest that there is an association between suicidal behavior and hyperactivity of the HPA axis. The two most consistent findings regarding the HPA axis relate to violence of attempts and eventual suicide completion. Eventual suicides are reported to have higher cortisol levels after being administered dexamethasone than nonsuicides, and HPA axis hyperactivity at baseline may increase the odds of an eventual suicide as much as 14-fold (Coryell and Schlesser, 2001) . Patients with a history of violent suicide attempt are reported to have higher levels of urinary free cortisol (van Heeringen et al, 2000) , higher serum cortisol levels in response to 5HTP (Meltzer et al, 1984) , and DST nonsuppression (Roy, 1992 ; Coryell and Schlesser, 2001 ), but no difference in CSF CRH (Träskman-Bendz et al, 1992) compared with patients without such history. Studies comparing suicide attempters to nonattempters, regardless of the method of suicide attempt, do not agree as to whether cortisol levels are elevated (Inder et al, 1997 ; Roy, 1992) . Thus, the bulk of the studies published to date support the notion that there is a relation between suicide and HPA activity, but the results are unclear with regard to suicide attempts. These studies do not report on the presence of a history of abuse or trauma or rates of PTSD, perhaps because the studies were conducted prior to the recognition of the importance of PTSD as a diagnosis. Our findings do not detect a relation of suicidal behavior to HPA function regardless of comorbid PTSD. Our study groups included serious suicide attempters with mean medical lethality scores of at least 4, reflecting a degree of physical injury requiring medical intervention. Thus, severity of suicide attempts is unlikely to explain why we did not find an association of suicide attempts to HPA function.
Cortisol Response to Serotonin Release by Fenfluramine in MDE, MDE+PTSD, and HVs
We found a significant increase in cortisol after dlfenfluramine administration in each of the three groups. However, the hormonal response to dl-fenfluramine failed to discriminate MDE or MDE+PTSD from HVs. There is disagreement as to whether the cortisol response to fenfluramine is altered in depressed subjects compared to healthy controls (Newman et al, 1998) . Some evidence suggests an abnormality of serotonergic function in PTSD. A study of the prolactin response to fenfluramine suggests that subjects with PTSD (five of the eight male subjects had comorbid MDE) have a blunted response compared to normal controls (Davis et al, 1999) . Some (Fichtner et al, 1995; Maes et al, 1999) , but not all (Cicin-Sain et al, 2000; Maguire et al, 1998) , reports regarding paroxetine binding to platelets suggest that binding is decreased in PTSD. Lower serotonin in platelet-poor plasma is reported in chronic PTSD although the frequency of comorbidity with MDE is not described (Spivak et al, 1999) . The lack of difference in the cortisol responses of patients and HVs suggests that the ACTH response to fenfluramine is similar in the three groups. However, rodent and nonhuman primate studies show that animals that undergo early severe stress and show disrupted HPA function, as measured by high central CRH levels or elevated ACTH responses to stress, can still demonstrate normal peripheral glucocorticoid responses to acute stress ). Thus, we cannot exclude an alteration in ACTH or CRH regulation in our study. Consequently, it is possible that some effects on the HPA, such as those of suicidal behavior or childhood abuse, are at the level of the hypothalamus or pituitary, and not detectable with our methodology. Indeed, Smith et al (1989) demonstrated that Vietnam veterans with chronic PTSD showed a normal increase in cortisol despite lower ACTH response to CRH administration, and that this normal response of cortisol was present regardless of whether or not the subjects also had comorbid depression.
CONCLUSIONS AND SUMMARY
This study is the first to show that subjects with major depressive episode (MDE) and comorbid post-traumatic stress disorder (MDE+PTSD) have lower plasma cortisol levels than healthy volunteers (HVs), as has been reported previously for PTSD alone. The subjects with MDE alone had higher plasma cortisol levels than HVs. However, cortisol response to fenfluramine was the same in the three groups. This suggests that the abnormality in HPA function in depressed subjects with or without PTSD involves suprahypophyseal components or changes in adrenocorticol response. We were unable to find a relation between suicidal behavior or history of childhood abuse and plasma cortisol or cortisol response to fenfluramine. Further studies of the role of the HPA axis in PTSD and MDE may clarify the underlying mechanisms for these observations.
